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TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to the field of 
telecommunications, and more specifically to a system and 
method for routing calls across call managers using a route 
plan. 
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BACKGROUND OF THE INVENTION 

Historically, telecommunications have involved the 
transmission of voice and fax signals over a network 
dedicated to telecommunications, such as • the Public 
5 Switched Telephone Network (PSTN) or a Private Branch 

Exchange (PBX) . Similarly, data communications between 
computers have also historically been transmitted on a 
dedicated data network, such as a local area network (LAN) 
or a wide area network (WAN) . Currently, telecommunications 

10 and data transmissions are being merged into an integrated 

communication network using technologies such as Voice over 
Packet (VoP) . Since many LANs and WANs transmit computer 
data using packet protocols, such as the Internet Protocol 
(IP) , VoP uses this existing technology to transmit voice 

15 and fax signals by converting these signals into digital 

data and encapsulating the data for transmission over a 
packet -based network . 
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SUMMARY OF THE INVENTION 

In accordance with the present invention, a system and 
method for routing calls across call managers using a route 
plan is provided that substantially eliminates or reduces 
disadvantages or problems associated with previously 
developed systems and methods. 

In one embodiment of the present invention, a call 
manager includes a first device process that controls a 
first telephony device and that receives a call request 
from the first^ telephony device. The call request includes 
a telephone number associated with a second telephony 
device. The call manager also includes a call control 
module that receives the call request from the first device 
process, and the call manager further includes a route list 
control process that is associated with the telephone 
number and that receives the call request from the call 
control module. The route list process accesses a route 
list to determine a port of a gateway device that can 
transmit the call request to the second telephony device. 
The route list process communicates the call request to a 
second call manager that is coupled to the packet -based 
network and that controls the gateway device included in 
the route list. 

In another embodiment of the present invention, a 
method for call routing includes receiving a call request 
at a first call manager from a first telephony device that 
is coupled to a packet -based network. The call request 
includes a telephone number associated with a second 
telephony device. The method also includes accessing a 
route list that is associated with the telephone number to 
determine a port of a gateway device that can transmit the 
call request to the second telephony device. The method 
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further includes communicating the call request to a second 
call manager that controls the gateway device included in 
the route list. 

Technical advantages of the present invention include 
5 a system and method that enable calls to be routed to 

gateway devices, which couple external telephony devices to 
a packet -based network, based on a route plan. The route 
plan directs that calls be routed to specific gateway 
devices based on the destination of the call. The present 
10 invention allows a call placed from a telephony device 

controlled by one call manager to be routed using the route 
plan to a gateway device controlled by a different call 
manager . 

The route plan may be organized into route lists which 

15 each contain one or more route groups. The route groups, in 

turn, include one or more gateway devices. These route 
lists and route groups may be globally used by all call 
managers in a particular packet -based network regardless of 
the relative locations of a call manager and a gateway 

2 0 device in a route group. The route lists and route groups 

may be dynamically updated to reflect changes in the 
overall route plan or to reflect a change in the call 
manager that controls a particular gateway device. 

The present invention thus allows a large degree of 

25 flexibility in organizing and maintaining a packet-based 

network having multiple call managers. For example, since 
gateway devices included in a route group may be controlled 
by different call managers, if a gateway device loses it 
connection to a call manager, the gateway device can 

30 dynamically and automatically reregister with a different 

call manager without concern about the effect on the route 
group. Gateway devices may also be assigned to different 
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call managers to provide load balancing between call 
managers . 

Other technical advantages are readily apparent to one 
skilled in the art from the following figures, 
5 descriptions, and claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention, and for further features and advantages, 
reference is now made to the following description, taken 
in conjunction with the accompanying drawings, in which: 

FIGURE 1 illustrates an exemplary communication 
network in accordance with one embodiment of the present 
invention; 

FIGURE 2 illustrates an exemplary call manager in 
accordance with one embodiment of the present invention; 

FIGURE 3 illustrates an exemplary registration 
information table maintained by a call manager in 
accordance with one embodiment of the present invention; 

FIGURES 4A-4D illustrate exemplary procedures for 
updating registration information stored in a registration 
information table in accordance with one embodiment of the 
present invention; 

FIGURE 5 illustrates an exemplary call routing process 
between call managers coupled to the communication network; 

FIGURES 6A and 6B illustrate exemplary route lists and 
route groups, respectively, for use in routing calls to 
gateway devices ; 

FIGURE 7 illustrates exemplary call managers which are 
operable to route calls according to a global route plan; 
and 

FIGURE 8 illustrates an exemplary call routing process 
between the call managers of FIGURE 7 . 
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DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 illustrates an exemplary communication 
network 10. Although a specific communication network is 
illustrated in FIGURE 1, the term "communication network" 
5 should be interpreted as generically defining any network 

capable of transmitting telecommunication signals, data, 
and/or messages. In the illustrated embodiment, 
communication network 10 includes a plurality of local area 
networks (LANs) 2 0 interconnected using a wide area network 

10 (WAN) 30. Each LAN 20 is a computer data network that is 

further operable to transmit audio and/or video 
telecommunication signals. In a particular embodiment, LANs 
2 0 are Internet Protocol (IP) networks. However, LANs 2 0 
may be any type of network that allows the transmission of 

15 audio and video telecommunication signals and data, as well 

as traditional data communications. Therefore, although 
subsequent description will primarily focus on IP 
communications, it should be understood that other 
appropriate method of transmitting telecommunications over 

20 a data network, such as a Frame Relay, ATM, or other 

packet -based network, are also included within the scope of 
the present invention. 

LANs 2 0 may be directly coupled to other IP networks 
including, but not limited to, WAN 3 0 and any IP networks 

2 5 coupled to WAN 3 0 (such as other LANs 2 0 or the Internet 

40) . Since all IP networks share a common method of 
transmitting data, telecommunication signals may be 
transmitted between telephony devices located on different, 
but interconnected, IP networks. In addition to being 

3 0 coupled to other IP networks, LANs 2 0 may also be coupled 

to non-IP telecommunication networks through the use of 
gateway devices 24. For example, LAN 20a is coupled to a 
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private branch exchange (PBX) 5 0 through a gateway device 
24a. PBX 50 includes a plurality of extension telephones or 
subscriber sets 54a and 54b to which PBX 50 directs 
incoming telephone calls. Gateway device 24a may be either 
5 an analog or a digital gateway device depending on the type 

of PBX 50 to which it. is coupled. 

Another non-IP network to which LANs 2 0 may be coupled 
is the Public Switched Telephone Network (PSTN) 60. PSTN 60 
includes switching stations, central offices, mobile 

10 telephone switching offices, pager switching offices, 

remote terminals, and other related telecommunications 
equipment that are located across the country. For example, 
central offices (COs) 62 connect telephone customers, such 
as residences and businesses, to PSTN 60. In the 

15 illustrated embodiment, LANs 20 are coupled to selected 

central offices 62 through the use of gateway devices 24b 
and 24c. The operation of the gateway devices 24 in 
communication network 10 is described in further detail 
below. 

2 0 Central offices 62 are coupled through a long distance 

network 66 that allows communication between residences and 
businesses coupled to central offices in different areas, 
such as central office 62a in Dallas and central office 62b 
in San Jose. The entity that owns the communication lines 
25 comprising long distance network 66 (there are typically 

several different entities, each having their own 
communication lines) charges a fee for the use of these 
lines. However, one advantage of IP telephony is that a 
company owning (or leasing) LANs 2 0 and WAN 3 0 may avoid 

3 0 such fees by using WAN 3 0 to transmit calls between LANs 2 0 

in different areas. Internet 40 may also be used to 
transmit calls. 
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IP networks and other packet -based networks transmit 
data (including voice and video data) by placing the data 
in packets and sending each packet individually to the 
selected destination. Unlike a circuit-switched network 
5 (like PSTN 60) , dedicated bandwidth is not required for the 

duration of a call or fax transmission over LANs 20, WAN 3 0 
or Internet 40. Instead, each telephony device sends 
packets across the network as they become available for 
transmission. This feature makes bandwidth available for 

10 other data when voice or fax data is not being transmitted. 

The technology that allows telecommunications to be 
transmitted over an IP network (as well as other packet - 
based networks) may be referred to as Voice over Packet 
(VoP) . IP telephony devices 22 have the capability of 

15 encapsulating a user's voice (or other media inputs) into 

IP packets so that the voice can be transmitted over LANs 
20, WAN 30 and/or Internet 40. IP telephony devices 22 may 
include telephones, fax machines, computers running 
telephony software * (such as MICROSOFT NETMEETING) , gateway 

2 0 devices, H . 323 -compatible devices, or any other device 

capable of performing telephony functions in an IP network. 

Communication network 10 includes a plurality of call 
managers 2 6 that control one or more IP telephony devices 
22. A call manager 26 is an application that controls call 

25 processing, routing, telephone features and options (such 

as call hold, call transfer and caller ID) , device 
configuration, and other telephony functions and parameters 
within communication network 10. A call manager 26 can 
control one or more of the IP telephony devices 22 coupled 

30 to the same LAN 20 to which it is coupled, and a call 

manager 2 6 may also control IP telephony devices 2 2 located 
elsewhere in communications network 10. For example, call 
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manager 2 6a is capable of controlling telephony devices on 
LAN 2 0b. A call manager 2 6 may be implemented as software 
executing on one or more computers coupled to communication 
network 10. The call manager software may be embodied in 
5 any type of computer- readable medium including, but not 

limited to, hard drives, diskettes, CD-ROMs, DVD-ROMs, or 
other optical or magnetic storage devices. 

When an IP telephony device 22 is connected to a LAN 
2 0 or elsewhere in communication network 10 (or when it 

10 otherwise comes on-line) , the telephony device 22 may be 

assigned an IP address using Dynamic Host Control Protocol 
(DHCP) or another similar protocol or technique. The 
telephony device 22 then registers with any call manager 26 
with which it can communicate using its telephone number 

15 and its IP address. Alternatively, the telephony device 22 

may request that it be assigned a telephone number and/or 
an IP address. The term "telephone number" should be 
understood to include any appropriate combination of digits 
or characters or any other appropriate method of 

20 identifying a telephony device. The telephony device may 

also report its Media Access Control (MAC) address and/or 
its device name. The call manager 26 with which a telephony 
device 22 has registered creates an internal device 
process, described below, that is used to route signaling 

2 5 to the telephony device 22 from call managers 26 or other 

telephony devices 22. 

The ability of a call manager 26 to control any IP 
telephony device 22 in communication network 10 allows a 
call processing environment in which control of devices may 

3 0 distributed dynamically in response to changes in 

communication network 10. For example, if a call manager 26 
goes off-line, the telephony devices 22 controlled by that 
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call manager 2 6 can connect and register with an 
alternative call manager 26 in communication network 10. 
Likewise, if a communication link between a telephony 
device 22 and a call manager 26 goes down, the telephony 
5 device 2 2 may connect and register with an alternative call 

manager 26 to which there is an operable communication 
path. Furthermore, the distributed control of telephony 
devices 22 also provides for network scalability and load- 
sharing by allowing telephony devices 22 to be controlled 

10 by any call manager 26, regardless of physical location, in 

order to avoid excess load on a particular call manager 2 6 
when new telephony devices 22 come on-line or to provide 
load balancing between call managers 26. 

FIGURE 2 illustrates an exemplary call manager 26a. It 

15 should be understood that any appropriate combination of 

telephony devices 22 and/or gateway devices 24 in 
communication network 10 may be controlled by call manager 
26a. In the illustrated embodiment, call manager 26a 
controls telephony devices 22a and 22c, which are coupled 

20 to LAN 20a, and telephony device 22h and gateway device 

24c, which are coupled to LAN 20b. 

Call manager 2 6a includes a number of internal 
processes that are used to manage and control communication 
to and from devices 22, 24. These processes include, but 

25 are not limited to a call control module 102, a digit 

analysis module 104, and one or more device processes 108. 
Call control module 102 is responsible for establishing 
calls between multiple IP telephony devices 22, or between 
one or more IP telephony devices 22 and one or more 

3 0 external telephony devices, such as PBX telephony devices 

54 and PSTN telephony devices 68. 

In the illustrated embodiment, each device 22, 24 has 
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an associated device process 108. Signaling to and from 
devices 22, 24 is first passed through the associated 
device process 108, which acts as a signaling contact point 
in call manager 26a to a device 22, 24. For example, 
signaling sent from call control module 102 of call manager 
26a or signaling sent from another call manager 26 is 
directed to the appropriate device process 108, which then 
communicates the signaling to the appropriate device 22, 
24. Likewise, signaling sent from a device 22,. 24 is first 
sent to the associated device process 108, and is then 
communicated to the appropriate destination. Signaling 
between devices 22, 24 and between call managers may be 
performed using any appropriate signaling method including, 
but not limited to, a direct signaling model or a tunneling 
trunk model, as described below. 

When a device 22, 24 coupled to a LAN 20 or any other 
appropriate location in communication network 10 comes on- 
line, the device 22, 24 registers with a call manager 26. 
As described above, a device 22, 24 can register with any 
call manager 26 with which the device 22, 24 can 
communicate by sending the call manager 2 6 a registration 
request. A call control module 102, or any other 
appropriate component of call manager 26, receives the 
registration requests. Call control module 102 (or another 
appropriate component) generates a device process 108 for 
the registering device 22, 24 and assigns the device 
process 108 a process identification number or string 
(PID) . 

Call control module 102 communicates the registering 
device's telephone number and the associated device process 
PID to digit analysis module 104. Digit analysis module 104 
associates the telephone number and the PID in a 
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registration information table 110 or any other appropriate 
database. Registration information table 110 may also 
include any other suitable registration information 
associated with the registering device 22, 24, such as the 
5 device name, IP address or MAC address of the device 22, 

24 . 

When a device 22, 24 wishes to establish 
communications with another device in communication network 
10, the device 22, 24 typically communicates one or more 

10 digits to the call manager 26 controlling device 22, 24. 

The digits identify the device with which communication is 
requested. For example, a telephony device 22 may send a 
call manager 2 6 one or more digits indicating the telephone 
number of an IP telephony device 22 or a non-IP telephony 

15 device (such as a PBX device 54 or a PSTN device 68) to 

initiate a telephone call with the device. Alternatively, 
a gateway device 24 may communicate one or more digits to 
a call manager 26 identifying an IP telephony device 22 
with which a non-IP telephony device 54, 68 desires to 

20 communicate. 

Digit inputs received by a call manager 2 6 are 
communicated to digit analysis module 104. Digit analysis 
module 104 may receive these digits directly from a device 
process 108, a call control module 102 (which received the 

25 digits from a device process 108) or any other suitable 

process in the same or a different call manager 26. Digit 
analysis module 104 translates the digit input it receives 
into the PID of the device process 108 that is associated 
with the device 22, 24 designated by the received digits. 

30 Digit analysis module 104 performs this translation using 

a table look-up in registration information table 110 or 
any other suitable process of determining the PID 



ATTORNEY ■ S DOCKET 
062891.0406 



PATENT APPLICATION 



14 



associated with the digits. The digits may be an internal 
telephone number (such a four-digit extension number) , in 
which case the PID typically identifies a device process 
108 associated with a telephony device 22. Alternatively, 
5 these digits may be an external telephone number (for 

example, a seven or ten digit North American Numbering Plan 
number or a PBX extension) , in which case the PID may 
identify a device process 108 associated with a gateway 
device 24 or a process associated with a plurality of 

10 gateway devices 24. Digit analysis module 104 communicates 

the PID to the process that requested the digit analysis. 

As an example, and not by way of limitation, assume 
that telephony device 22a communicates a call request 
including a digit string to device process 108a. The digit 

15 string is a telephone number of telephony device 22h. 

Device process 108a receives the digit string and 
communicates the digits to call control module 102. Call 
control module 102 communicates the digits to digit 
analysis module 104 to determine the PID of the device 

20 process 108 associated with the digits. Digit analysis 

module 104 performs a table look-up or any other suitable 
process of determining the PID associated with the digits 
(the PID of device process 108c) and communicates the PID 
to call control module 102. Call control module 102 may 

25 then communicate with device process 108c to initiate a 

call or other communication between telephony devices 22a 
and 22h, as is described below in further detail. 

In the example above, the requested communication was 
between two telephony devices 22a and 22h controlled by 

30 call manager 26a. However, in many cases, devices 22, 24 

controlled by different call managers 26 may wish to 
communicate. For example, due to the distributed nature of 
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call managers 2 6 and the devices 22, 24 that they control, 
it is quite possible that two devices 22,24 operated by a 
business may be controlled by two different call managers 
2 6 located across the country from one another. Therefore, 
the registration information table 110 in a call manager 2 6 
should have not only the PIDs (or other appropriate 
registration information) of the device processes 108 
associated with the devices 22, 24 that the call manager 26 
controls (local devices) , but also the PIDs of device 
processes 108 associated with devices 22, 24 controlled by 
other call managers 26 (remote devices) with which 
communication might be desired. 

As devices 22, 24 come on-line, go off-line or switch 
call managers 26, the registration table 110 in each call 
manager 2 6 needs to be updated. For this reason, each call 
manager 26 periodically communicates the telephone numbers 
and associated PIDs of the devices 22, 24 it controls to 
each of the other call managers 26. Each call manager 26 
adds this information to the local device registration 
information in its registration information table 110. 

FIGURE 3 illustrates an exemplary registration 
information table 110 maintained by call manager 2 6a. Table 
110 contains a list of digit strings 112 in a left column 
and a list of respective PIDs 114 of device processes 108 
in a right column. In the illustrated embodiment, digit 
strings 112 include both internal four-digit telephone 
numbers and external telephone numbers (for example, 
telephone numbers associated with telephony devices 54, 
68) . The external telephone numbers are designated in table 
110 by the notation "9@" (indicating the number nine 
preceding any digit string) . These external telephone 
numbers could also include any other appropriate format 
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(for example, external calls could be designated as M xxx- 
xxxx" , "xxx-xxx-xxxx" or any other appropriate telephone 
number pattern which includes wildcards) . For the purposes 
of this description, the term "telephone number" will be 
used to refer to specific telephone numbers (which include 
no wildcards) as well as telephone number patterns in which 
one or more digits are represented by a wildcard, such as 
"x" . 

In the illustrated embodiment, each PID 114 includes 
a node number (representing a call manager 26) , a process 
name (identifying the type of process) , and an instance 
number. For example, the PID *l.dp.3' may indicate the 
third device process 108 executed by the call manager 26 
having a node number of * 1'. Similarly, the PID x 2 . dp . 1 ' 
indicates the first device process 108 executed by a second 
call manager having 26 a node number of '2'. Although a 
particular type of PID 114 is illustrated, any other method 
of identifying a device process 108 in a call manager 26 
may be used. In addition, other appropriate processes 
associated with devices 22, 24 may also be identified in 
registration information table 110. 

A PID 114 enables a call control module 102 (or 
another appropriate process) in one call manager 26 to 
directly communicate with a device process 108 in the same 
(local) call manager 26 or another (remote) call manager 26 
in order to establish communication between two devices 22, 
24. Registration information table 110 may contain the PIDs 
of many different types of processes executing at multiple 
call managers. This PID information provides a location or 
address at which a process may be signaled, even if that 
process is at a different call manager than the process or 
other component that is sending the signal . As will be 
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described below, using registration information table 110, 
a telephone number received from a device 22, 24 may be 
resolved at the call manager 2 6 receiving the telephone 
number into a PID of a device process 108 (or other type of 
5 process) associated with a device 22, 24 identified by the 

telephone number. The device process 108 may then be 
directly signaled even though it may be executing at 
another call manager. 

However, if direct signaling to a remote device 

10 process 108 is not available, PIDs 114 of remote device 

processes 108 may be replaced with just the node number of 
the remote call manager 26 executing the remote device 
process 108. In this case, call control module 102 (or 
another appropriate process) signals the remote call 

15 manager 26 with the telephone number of the device 22, 24 

with which communication is desired. The call manager 
receiving the signaling then communicates the telephone 
number to its local digit analysis module 104, which 
determines the appropriate local PID. The local digit 

20 analysis module 104 communicates the PID to the local call 

control module 102, which then initiates (or attempts to 
initiate) the desired communication between devices 22, 24. 

To keep the registration information table 110 at each 
call manager 2 6 updated, each call manager 2 6 may 

25 dynamically disseminate appropriate registration 

information associated with devices 22, 24 over which it 
has control. In addition, call managers 26 may monitor the 
status of other call managers 26 to determine whether to 
update or disseminate device registration information, in 

30 one embodiment, call managers 26 perform this dissemination 

and updating of registration information according to a set 
of four procedures, illustrated in FIGURES 4A-4D. These 
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procedures provide for the updating of the information in 
the registration information table 110 of each call manager 
26 each time a device 22, 24 or call manager 26 comes on- 
line or goes off-line. 
5 FIGURE 4A illustrates a first procedure 200 for 

updating registration information. Procedure 200 begins 
when device 22, 24 registers with and comes under the 
control of a call manager 26 at step 202. This includes a 
receipt of registration information from the device 22, 24 

10 and the creation of a device process 108 associated with 

the registering device 22, 24. The controlling call manager 
2 6 adds the appropriate registration information (for 
example, the device's telephone number and the PID of the 
associated device process 108) to its registration 

15 information table 110 at step 204 and communicates a 

message to all other active call managers 2 6 providing the 
registration information at step 206. The other call 
managers 26 receive this message at step 208, and each call 
manager 26 updates its registration information table 110 

20 to include the new registration information at step 210. 

This dissemination of information according to procedure 
2 00, as well as the three other procedures described below, 
may be made directly between digit analysis modules 104 of 
the active call managers 26. 

25 FIGURE 4B illustrates a second procedure 220 for 

updating registration information. Procedure 220 begins at 
step 222 when a device 22, 24 fails, is disconnected from 
communication network 10, unregisters with its controlling 
call manager 26, or is otherwise no longer under the 

30 control of a previously controlling call manager 26. The 

call manager 26 deletes the registration information 
associated with the device 22, 24 from its registration 
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information table 110 at step 224 and communicates a 
deletion message to all other active call managers 26 
indicating that the information has been deleted at step 
226. The other call managers 26 receive this message at 
5 step 228 and delete the registration information associated 

with the device 22, 24 from their registration information 
table 110 at step 230. The deletion message sent when a 
device 22 , 24 is no longer controlled by a particular call 
manager 26 and the registration information sent when a 
10 device registers (becomes under control) of a particular 

call manager 26 may both be generalized as types of status 
information sent by a call manager 2 6 when the call manager 
2 6 becomes aware of a change in the control status of a 
device 22 , 24. 

15 A controlling call manager 26 may periodically poll 

the devices 22, 24 that it controls by sending out a 
polling message to determine when a device 22, 24 has 
failed, been disconnected from communication network 10, or 
is otherwise no longer able to be controlled by the call 

20 manager 26. If call manager 26 fails to receive a response 

to a polling message from a device 22, 24, call manager 26 
determines that the non- responding device 22, 24 is no 
longer under its control. Alternatively, call manager 26 
may expect a regular "heartbeat" from each device 22, 24 

25 registers with call manager 26. If a registered device 22, 

24 does not send a heartbeat, call manager 2 6 determines 
that the device 22, 24 is no longer under its control. 

FIGURE 4C illustrates a third procedure 250 for 
replicating registration information. Procedure 250 begins 

3 0 when a new call manager 2 6 is connected to communication 

network 10 and comes on-line at step 2 52 . When the new call 
manager 26 is detected, the other active call managers 26 
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communicate their local registration information (the 
information associated with the devices 22, 24 that a call 
manager 26 controls) to the new call manager 26 at step 
254. Call managers 26 may detect the presence of a new call 
manager 2 6 in communication network 10 by periodically 
communicating polling messages over communication network 
10 and determining whether a new call manager 26 has 
responded. The new call manager 2 6 compiles the 
registration information sent by the other call managers 26 
to create its own registration information table 110 at 
step 256. As devices 22, 24 register with the new call 
manager 26, the new call manager 26 adds local registration 
information to the remote registration information received 
from the other call managers 26 at step 258. 

The combination of the local and remote registration 
information may be referred to as composite registration 
information. This composite registration is stored in 
registration information table 110. The registration 
information table 110 of a call manager 26 may include one 
or more flags indicating which entries in that particular 
registration information table 110 comprise local 
registration information, so that the call manager 26 
storing the registration information table 110 will know 
which entries to replicate to new call managers 26. 
Alternatively, a call manager 26 may determine which 
entries comprise local 'registration information based on 
the node number or PID included in the entry. 

FIGURE 4D illustrates a fourth procedure 270 for 
replicating registration information when a call manager 26 
has gone off-line (for example, when it has failed, is 
disconnected from communication network 10, or is unable to 
communicate with one or more of the other active call 
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managers 26) . Procedure 270 begins with each active call 
manager 2 6 communicating polling messages to each of the 
other active call managers 26 at step 272. A call manager 
26 determines that a previously active call manager 26 (for 
5 example, a call, manager 2 6 that previously responded to 

polling messages) has gone off-line at step 2 74 when the 
previously active call manager 26 fails to respond to the 
polling message. The active call manager 2 6 purges the 
registration information stored in its registration 
10 information table 110 that was previously communicated by 

the non- responsive call manager 26 (the non-responsive call 
manager's local registration information) at step 276. A 
similar process is performed by all other active call 
managers 26. 

15 Although slow data transmission rates or other 

communication problems affecting the replication and 
updating procedures described above may cause 
inconsistencies between the registration information tables 
110 of the active call managers 26, these inconsistencies 

2 0 are resolved over time without having a detrimental effect 

on the operation of call managers 2 6 and their control of 
devices 22, 24. As an example, assume that telephony device 
22a, which is controlled by call manager 26a and has a 
telephone number or extension of x 1000', is unable to 

2 5 communicate with call manager 2 6a due to a network failure. 

When call manager 26a fails to receive a polling response 
from telephony device 22a, call manager 26a deletes the 
registration information associated with telephony device 
22a from its registration information table 110. Call 

30 manager 26a communicates a message to all active call 

managers 2 6 indicating that the information has been 
deleted according to procedure 220. 
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However, due to slow data transmission rates in 
portions of communication network 10, telephony device 22a 
is able to reregister with a call manager 26c as extension 
'1000' before the deletion message from call manager 26a 
5 reaches call manager 26c. Call manager 26c registers 

telephony device 22a and changes the PID that was 
associated with extension '1000' in its registration 
information table 110 from a remote PID (located at call 
manager 26a) to a local PID of a device process 108 that 

10 was created for telephony device 22. Call manager 26c 

communicates a message to all active call managers 26 
providing the registration information according to 
procedure 200. When call manager 26c receives the deletion 
message from call manager 26a, call manager 26c ignores the 

15 deletion message since it no longer associates extension 

'1000' with a device process 108 at call manager 26a. 

Alternatively, call manager 26c may not initially 
change the PID associated with extension '1000 ' when 
telephony device 22a registers with call manager 26c. 

20 Instead, call manager 26c may create a second entry 

associated with extension * 10-00'. The multiple entries are 
then resolved as described below in relation to call 
manager 2 6b. 

In this example, a third call manager 26b is also 
25 active in communication network 10. Call manager 26b 

receives the registration message from call manager 26c 
before it receives the deletion message from call manager 
26a. Call manager 26b adds the new registration information 
for extension '1000' in its registration information table 
3 0 accordingly. However, it does not remove the entry for 

extension '1000' associated with call manager 26a, since it 
has received conflicting information regarding the PID to 
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be associated with extension '1000'. Typically, call 
manager 26b will eventually receive the deletion message 
from call manager 2 6a, and call manager 2 6b will then 
delete the extension '1000' entry associated with call 
5 manager 26a. However, if this deletion message is not 

received due to some type of network failure, the next time 
call manager 26b attempts to signal the device process 108 
of call manager 26a associated with extension '1000', call 
manager 26a will inform call manager 26b that it no longer 

10 controls telephony device 22a. Call manager 26b then 

deletes the extension x 1000' entry associated with call 
manager 26a in its registration information table 110. 
Therefore, the registration information tables 110 of call 
managers 26 eventually become consistent, and there is no 

15 disruption in performance during the interim. 

Due in part to the digit analysis replication scheme 
described above, a dynamic, flexible, scalable and reliable 
IP telephony network is created in which the task of 
controlling a number of devices 22, 24 can be distributed 

2 0 seamlessly and dynamically between a number of call 

managers 26. A call manager 26 can control any device 22, 24 
coupled to communication network 10 regardless of the 
respective geographic locations of the call manager 26 and 
the devices 22, 24. Therefore, in the event that a call 

25 manager 26 experiences communication problems, goes off- 

line, or reaches its device control capacity, the control 
of devices 22, 24 can be automatically distributed to other 
call managers 26, regardless of their physical location. 
Furthermore, the distribution of device control between 

30 call managers 26 can be dynamically changed without the 

intervention of a human administrator. 

FIGURE 5 illustrates an exemplary call routing process 
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between call managers 26a and 26b in communication network 
10. Although FIGURE 5 illustrates call managers 26a and 26b 
and certain devices 22, 24 controlled by call managers 26a 
and 26b, it should be understood that this description 
5 applies to call routing between any devices 22, 24 

controlled by any call manager (s) 26 in communication 
network 10. Furthermore, although FIGURE 5 illustrates a 
series of communications between different modules or 
processes in call managers 26a and 26b, other appropriate 

10 intermediary modules or processes may be involved in these 

communications, and the functions of one or more of the 
described modules or processes may be divided between 
multiple components or combined in a single component. 

When a user wishes to place a call from IP telephony 

15 device 22a to IP telephony device 22b in communications 

network 10, the calling telephony device 22a communicates 
a call request signal to its associated device process 108a 
executed by call manager 26a, as indicated by arrow 302. 
The call request signal indicates the telephone number of 

20 called telephony device 22b. Device process 108a 

communicates the call request to call control module 102a 
as indicated by arrow 3 04, and call control module 102a 
communicates the telephone number of called telephony 
device 22b to digit analysis module 104a as indicated by 

25 arrow 306. Call control module 102a may communicate the 

telephone number as a whole or it may communicate each 
digit of the telephone number successively. Digit analysis 
module 104a obtains device location information from 
registration information table 110a, and communicates this 

30 location information to call control module 102a, as 

indicated by arrow 308. 

The type of location information that digit analysis 
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module 104a communicates to call control module 102a 
• depends on the signaling method used to communicate with 
device processes 108. As discussed above, if direct 
signaling between call control module 102a and device 
5 process 108b is used, then registration information table 

110a includes a PID for device process 108b. In this case, 
digit analysis module 104a determines the PID associated 
with the telephone number in registration information table 
110a (the PID of device process 108b) and communicates the 

10 PID to call control module 102a. Call control module 102a 

directly signals device process 108b with the call request, 
as indicated by arrow 3 09. 

Alternatively, call control process 102a may 
communicate with call control process 102b using a 

15 tunneling trunk instead of communicating directly to device 

process 108b. This tunneling trunk may be, but is not 
limited to, a Transmission Control Protocol (TCP) or a User 
Datagram Protocol (UDP) connection between call manager 2 6a 
and call manager 26b. If a tunneling trunk is used, 

20 registration information table 110a associates the node 

number of call manager 2 6b (which may be included in a PID 
of device process 108b) with the telephone number of 
telephony device 22b. Digit analysis module 104a 
communicates the node number or complete PID to call 

2 5 control module 102a. As indicated by arrow 310, call 

control module 102a communicates the call request 
(including the node number or PID) to a tunneling trunk 
manager 12 0a that controls communication over the tunneling 
trunks connecting call manager 26a to the other call 

30 managers 26. Arrow 310 is dashed to indicate that the use 

of tunneling trunks is an alternative to direct signaling. 
If the node number or PID indicates that the called 
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device is controlled by call manager 2 6a (which is not the 
case in the illustrated embodiment) , tunneling trunk 
manager 12 0 would return the call request to call control 
module 102a. Call control module 102a would signal the 
5 device process 108 associated with called telephony device 

22b to indicate the call request from calling telephony 
device 22a. 

If, as illustrated, the node number or PID indicates 
that called device 22b is remote from call manager 26a and 

10 controlled by call manager 26b, tunneling trunk manager 

12 0a communicates the call request to a tunneling trunk 
manager 12 0b using a tunneling trunk set up between call 
managers 26a and 26b, as indicated by arrow 312. Tunneling 
trunk manager 12 0b communicates the call request to call 

15 control module 102b, as indicated by arrow 314. If a PID 

was communicated from call manager 2 6a (and thus the 
telephone number was resolved into the address of a device 
process 108 at call manager 26a) , the PID is communicated 
to call control module 102b and the telephone number of 

2 0 telephony device 22b need not be sent from call manager 

26a. Alternatively, if only a node number was communicated 
from call manager 26a, then call control module 102a may 
instruct tunneling trunk manager 12 0a to also send the 
telephone number of telephony device 22b to identify the 
25 telephony device 22 being called. 

When call control module 102b receives the call 
request, call control module 102b either directly 
communicates with device process 108b based on a PID sent 
from call control module 102a, or call control module 102b 

3 0 communicates a telephone number sent by call manager 26a to 

digit analysis module 104b, which then returns the PID of 
device process 108b. Call control module 102b signals 
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device process 108b to indicate the call request from, 
calling telephony device 22a, as indicated by arrow 316. 

Having received a call request signal from either call 
control module 102a or 102b (or from any other appropriate 
5 source) using either direct signaling or a tunneling trunk 

(or any other appropriate signaling method) , device process 
108b communicates the call request to called telephony 
device 22b # as indicated by arrow 318. If called telephony 
device 22b is available to communicate with calling 

10 telephony device 22a, called telephony device 22b 

communicates a call proceed signal to device process 108b, 
as indicated by arrow 320. The call proceed signal may be 
any appropriate communication that indicates a device's 
availability or desire to proceed with a communication. 

15 Device process 108b then communicates the call proceed 

signal to call control module 102a. Device process 108b may 
communicate this signal directly to call control module 
102a using a direct signaling link, as indicated by arrow 
322, or device process 108b may first communicate the 

20 signal to call control module 102b, which then communicates 

the signal to call control module 102a using the tunneling 
trunk, as described above. 

Call control module 102a sets up the call by 
communicating the call proceed signal to device process 

25 108a, as indicated by arrow 324. Device process 108a 

signals calling telephony device 22a, as indicated by arrow 
326, and instructs telephony device 22a to establish media 
(audio and/or video) streaming with called telephony device 
22b over a UDP connection, or any other suitable connection 

30 for transmitting media. A media streaming connection 328 

may be directly between telephony devices 22a and 22b. 

When media streaming connection 328 is established, 
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the users of telephony devices 22a and 22b may begin to 
communicate. A codec ( coder/decoder) in telephony devices 
22a and 22b converts the media (for example, voice, video 
or fax) signals generated by the users of telephony devices 
5 2 2a and 22b from analog signals into digitally encoded 

data. The codec may be implemented either in software or as 
special -purpose hardware in IP telephony devices 22a and 
22b. 

The digitally encoded data is encapsulated into IP 
10 packets so that it can be transmitted between telephony 

devices 22a and 22b. The encapsulation may be performed 
using Real-Time Transport Protocol (RTP) running over UDP, 
or any other suitable communication protocol. Once UDP has 
received and reassembled the IP packets at the destination 
15 telephony device 22, a codec in the destination telephony 

device 22 translates the digital data into analog audio 
and/or video signals for presentation to the user. The 
entire process is repeated each time that any call 
participant (or any other source) generates a media signal. 

2 0 In addition to calls between IP telephony devices 22, 

calls can also be placed to and received from non-IP 
telephony devices 54, 6 8 that are connected to PBX 50, PSTN 
60, or any other appropriate external network. Gateways 24 
couple telephony devices 54, 68 to LANs 2 0 and convert 
25 analog or digital circuit-switched data transmitted from 

PBX 50 or PSTN 60 to packetized data transmitted by LANs 
20, and vice-versa. 

When a user of an IP telephony device 22a desires to 
place a call to an external telephony device, such as a PBX 

3 0 telephony device 54 or a PSTN telephony device 68, from IP 

telephony device 22a, calling telephony device 22a 
communicates a call request signal to its associated device 
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process 108a. The call request signal indicates the 
telephone number of the called telephony device, for 
example PSTN telephony device 68a. As described above, 
device process 108a communicates the call request to call 
5 control module 102a, and call control module 102a 

communicates the telephone number of telephony device 68a 
to digit analysis module 104a. 

Digit analysis module 104a communicates location 
information associated with the telephone number in 

10 registration information table 110a to call control module 

102a. Since telephony device 68a is not an IP telephony 
device 22 controlled by a call manager 26, its telephone 
number (including a telephone number representing its 
telephone number, such as *xxx-xxx-xxxx' ) may be associated 

15 in registration information table 110a with a process 

controlling one or more gateway devices 24 that provide 
access to PSTN 60. For example, the telephone number *214- 
xxx-xxxx' (214 being an area code in Dallas) ' may be 
associated with the PID or node number of a device process 

20 108c controlling gateway 24b. Gateway 24b provides access 

to Dallas central office 62a (to which telephony device 68a 
is coupled) . Alternatively, the telephone number may be 
associated with a route list control process that controls 
multiple gateway devices 24 by acting as an intermediary 

25 between a call control module 102 and the device processes 

108 controlling each gateway device 24. 

Assuming the telephone number or extension indicated 
in the call request from telephony device 22a is directly 
associated with device process 108c controlling gateway 24b 

3 0 (for example, there is no intermediate route list control 

process) , the PID (or associated node number) of device 
process 108c is communicated from digit analysis module 
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104a to call control module 102a. Call control module 102a 
signals device process 108c using direct signaling, a 
tunneling trunk, or any other appropriate signaling method 
to indicate the call request and the telephone number of 
5 telephony device 68a. Process 108c communicates with 

gateway 24b, and gateway 24b interfaces with central office 
62a to determine whether telephony device 68a can accept 
the call. If telephony device 68a can accept the call, 
gateway 24b communicates a call proceed signal (through 

10 device process 108c) to device process 108a using direct 

signaling, a tunneling trunk, or any other appropriate 
signaling method. Telephony device 22a establishes a media 
streaming connection with gateway device, 24b using UDP/IP 
or any other appropriate method. 

15 As described above, a codec in telephony device 22a 

converts the media signals generated by the user of 
telephony device 22a from analog signals into digital 
encoded data. The digitally encoded data is encapsulated 
into IP packets. The IP packets are communicated to gateway 

2 0 device 24b and gateway device 24b converts the digital data 

to the analog or digital format used by the PSTN trunk to 
which gateway device 24b is coupled. Gateway device 24b 
signals central office 62a to direct the media from 
telephony device 22a to telephony device 68a. For media 
25 transmissions from PSTN telephony device 68a to IP 

telephony device 22a, the process is reversed. Gateway 
device 24b receives the incoming media transmissions (in 
either analog or digital form) and converts them into the 
digital format used for communications over LAN 20a. The 

3 0 digital data is then encapsulated into IP packets and 

transmitted over LAN 20a to IP telephony device 22a. 

A similar process to that described above is used when 



ATTORNEY 1 S DOCKET 
062891 . 0406 



PATENT APPLICATION 



31 

a call is placed from PSTN telephony device 68a (or any 
other non-IP telephony device) to IP telephony device 22a. 
In this case, a user of telephony device 68a dials a 
telephone number that is associated in central office 62a 
with gateway device 24b. For example, the telephone number 
* 214-555-xxxx' may be associated with gateway 24b (where 
x xxxx' represents the extensions of one or more IP 
telephony devices 22) . If telephony device 68a dials x 214- 
555-1001', then central office 62a connects telephony 
device 68a with gateway 24b. Gateway 24b communicates the 
call request (including the telephone number dialed by the 
user of telephony device 68a, which gateway device 24b may 
or may not truncate to leave only the last four digits) to 
its device process 108c. 

Device process 108c communicates the call request to 
call control module 102b, and call control module 102b 
communicates the telephone number to digit analysis module 
104b. Digit analysis module 104b communicates location 
information for device process 108a that is associated with 
the telephone number to call control module 102b. Call 
control module 102b communicates the call request to device 
process 108a (through direct signaling, a tunneling trunk, 
or any other appropriate method) , and device process 108a 
communicates the call request to telephony device 22a. If 
telephony device 22a accepts the call by sending a call 
proceed signal, media streaming is set up between telephony 
device 22a and gateway device 24b, and the call proceeds as 
described above (with gateway device 24b acting as an 
intermediary between telephony devices 22a and 68a) . 

FIGURES 6A and 6B illustrate exemplary route lists 122 
and route groups 124, respectively, for use in routing 
calls to gateway devices 24. As mentioned above, instead of 
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being directly associated with a device process 108 
controlling a gateway device 24, a telephone number may be 
associated in registration information table 110 with a 
route list control process providing access to one or more 
5 gateway devices 24 . Each route list control process has an 

associated route list 122 that contains an ordered list of 
one or more route groups 124. For example, route list 122a 
includes route groups 124a, 124c, and 124b, in the order 
listed. A route group 124 includes an ordered list of one 

10 or more device name/port number pairs 126 associated with 

one or more gateway devices 24. For example, route group 
124a includes Portl, Port2 and Port3 of Gatewayl, and 
Portl, Port2 and Port3 of Gat e way 2 . The ports of a gateway 
device 24 are the individually addressable physical, 

15 logical or virtual resources, such as trunk lines or 

logical channels, over which a call may be placed to a non- 
IP telephony device 54, 68. An individual port may be 
capable of handling multiple calls. 

As will be described in further detail below, when a 

2 0 telephone number is dialed that is associated with a route 

list control process in registration information table 110, 
the call request is sent to the route list control process. 
The route list control process offers the call to the ports 
of the gateway devices 24 listed in the first route group 
25 124 of the route list 122 associated with the route list 

control process, for example, route group 124a of route 
list 122a. The call is offered to these ports in the order 
in which the associated port numbers are listed in the 
route group 124a. The route list control process 

3 0 communicates the call request to each gateway, device 24 

(indicating the requested port) until one of the gateway 
devices 24 accepts the call. If no port listed in route 
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group 124a can accept the call, the route list control 
process begins offering the call to the ports listed in 
route group 124c, and then to the ports listed in route 
group 124b. 

5 The route lists 122 and accompanying route groups 124 

described above are included in a route plan that optimally 
associates a route list with every type of external number 
that may be dialed by a user of an IP telephony device 22. 
For example, the telephone number "214 -xxx-xxxx" (a Dallas 

10 area code) may be associated with a route list 122 that 

includes one or more port numbers of gateway 24b in the 
first route group 124. Therefore, no matter where the 
calling telephony device 22 is located in communication 
network 10, the call will first be offered to gateway 24b 

15 (which can place the call directly to Dallas central office 

62a as a local call without incurring long distance fees) . 
Furthermore, many other factors besides long distance fee 
savings may also be considered when creating the route 
plan. Since a route list 122 may apply to many telephony 

2 0 devices 22 (based on the type of external calls made by 

telephony devices 22) , and since those telephony devices 22 
may be controlled by multiple call managers 26 in various 
locations, the route plan is a global plan that is shared 
between call managers 26. 
25 FIGURE 7 illustrates exemplary call managers 26a and 

26c which are operable to route calls according to a global 
route plan. Call managers 2 6 each include a route plan 
manager 130. Each route plan manager 130 is responsible for 
downloading and locally storing the global route plan, and 

3 0 for updating the locally stored route plan when there has 

been a change to the global route plan. The global route 
plan, including route lists 122 and route groups 124, may 
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be stored in a global route plan database 140 that is 
accessible from each call manager 26. Each route, plan 
manager 13 0 downloads the route plan from global route plan 
database 14 0 and stores the route plan in a local route 
5 plan database 132 . Local route plan database 132 may be 

managed by route plan manager 13 0 or any other appropriate 
component of call managers 26. In an alternative 
embodiment, route plan manager 13 0 does not download the 
global route plan database in its entirety. In this 
10 embodiment, route plan manager 130 accesses global route 

plan database 140 as needed to route calls instead of 
accessing information stored in a local route plan database 
132. 

Returning to the former embodiment, after downloading 

15 the route plan to local route plan database 132, the route 

plan manager 13 0 at each call manager 2 6 determines the 
route lists 122 included in the global route plan and 
creates a route list control process 134 for each route 
list 122. Therefore, each call manager 26 includes the same 

20 route list control processes 134. If an exemplary route 

plan that includes route lists 122a and 122b, and route 
groups 124a, 124b, and 124c is assumed, then each route 
plan manager 13 0 creates route list control processes 134a 
and 134b associated with route lists 122a and 122b, 

25 respectively. If a route list 122 is later added to or 

deleted from the route plan, then each route plan manager 
130 creates a new route list control process 134 or deletes 
an existing route list control process 134, as appropriate. 
The method by which route plan managers 13 0 propagate and 

3 0 receive changes to the route plan is described below. 

Each route list control process 134 is an intermediary 
between call control module 102 and the device process 108 
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controlling gateway devices 24 included in the associated 
route list 122. When a route list control process 134 is 
created, route plan manager 130 instructs the route list 
control process 134 to register with call control module 
5 102. Route list control process 134 communicates a signal 

to call control process 102 indicating its PID and the 
telephone numbers to be associated with route list control 
process 134 in registration information table 110 according 
to the route plan. Call control module 102 communicates 

10 this information to digit analysis module 104 for inclusion 

in registration information table 110. Therefore, in 
addition to or instead of device process PIDs 114 
(illustrated in FIGURE 3) , registration information table 
110 includes route list control process PIDs associated 

15 with telephone numbers. 

When a call is placed from a telephony device 22, 54, 
68, the telephone number associated with the call request 
is sent to the appropriate digit analysis module 104, as 
described above. If the called telephony device is a non-IP 

20 telephony device 54, 68, the telephone number is typically 

associated in the route plan with a particular route list 
122. Therefore, the telephone number will be associated 
with a PID of a route list control process 134 in the 
registration information table 110 of digit analysis module 

25 104. The call request is communicated to the route list 

control process 134 indicated by the PID. Route list 
control process 134 accesses its associated route list 122 
and route groups 124 in database 132 and determines an 
ordered list of gateway device names and associated port 

3 0 numbers through which the call may be placed. 

As described above, route groups 124 included in the 
route plan may include any gateway device 24 coupled to 
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communication network 10. Gateway devices 24 may be 
controlled by different call managers 26, and the call 
manager 2 6 controlling a particular gateway device 24 may 
change over time. Route groups 124 identify a gateway 
5 device 24 using the device name of the gateway device 24 in 

order to avoid having to change the entries associated with 
the gateway device 24 each time the gateway device 24 comes 
under the control of a new call manager 26. The device name 
does not change when the gateway device 24 registers with 

10 a new call manager 26. However, to communicate a call 

request directly to a gateway device 24, route list control 
process 134 uses the PID of (or other location information 
associated with) the device process 108 controlling the 
gateway device 24. Therefore, a device manager 136 executed 

15 by each call manager 2 6 maintains a device name mapping 

table 13 8 that associates the device name of each gateway 
device 24 with the PID of (or other location information 
associated with) the device process 108 controlling the 
gateway device 24 . 

20 When a gateway device 24 registers with a call manager 

26, the device process 108 created to control the gateway 
device 24 sends a registration signal to device manager 13 6 
indicating the PID of the device process 108 and the device 
name of the gateway device 24. Device manager 136 receives 

25 similar registration signals from other registering gateway 

devices 24, and device manager 13 6 maintains a device name 
mapping table that associates the device name of each 
gateway device 24 with a PID of the device process 108 
controlling each gateway device 24. 

3 0 When a route list control process 134 selects a device 

name from an associated route group 124, route list control 
process 134 communicates the device name to device manager 
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136. Device manager 136 determines the PID associated with 
the device name in device name mapping table 138, and 
communicates the PID to route list control process 134. 
Route list control process 134 then communicates the call 
5 request to the device process 108 indicated by the PID. 

Alternatively, each route group 124 may include device 
process PIDs instead of device names. In this alternative 
embodiment, device manager would not be needed to perform 
a device name-to-PID look-up, but the PIDs in each route 

10 group 124 would need to be updated to reflect changes in 

the PIDs of the device process 108 controlling a particular 
gateway device 24 . 

The device process 108 to which route list control 
process 134 communicates the call request may be located at 

15 a remote call manager 26. Route list control process 134 

communicates the call request to device process 108 using 
direct signaling, a tunneling trunk,- or any other 
appropriate method. If the particular port of the gateway 
device 24 cannot process the call, route list control 

2 0 process 134 then begins to offer the call to other ports or 

other gateway devices 24, as indicated by the route list 
122 and its associated route groups 124. 

To enable the routing of calls between multiple call 
managers 26 using a route list 122, any changes to the 

2 5 route plan and any changes to a device name mapping table 

138 should be replicated between call managers 26. The 
route plan may be changed by the creation, modification or 
deletion of a route list 122 or route group 124, or by a 
modification of the telephone numbers associated with a 

30 particular route list 122. As described above, the route 

plan is stored in global route plan database 140 that is 
accessible by all call managers 26. When a call manager 26 
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comes on-line, the route plan manager 13 0 downloads the 
current route plan from global route plan database 14 0 and 
stores the route plan in local route plan database 132 . 
Thereafter, when a call manager 26 (or any other 
5 appropriate device, such as a computer executing route plan 

management software) creates, modifies or deletes a route 
list 122 or route group 124, call manager 26 (or the other 
appropriate device) sends a signal to global route plan 
database 14 0 indicating the change to be made.. Global route 

10 plan database 140 (or a device controlling database 140) 

updates the route plan data accordingly. Call manager 2 6 
communicates a change notification message to each of the 
other call managers 2 6 indicating the name of the route 
list(s) 122 or route group (s) 124 that has been created, 

15 modified or deleted. A change notification message may be 

communicated directly to the route plan manager 130 of each 
of the other call managers 26. 

If a route plan manager 13 0 receives a change 
notification message indicating a modification to a route 

2 0 list 122, route plan manager 13 0 communicates an unregister 

signal to the route list control process 134 associated 
with the route list 122 and deletes the existing route list 
122 in local route plan database 132. Route plan manager 
13 0 queries global route plan database 14 0 for the new 

25 route list 122. The new route list 122 is communicated from 

global route plan database 14 0 and stored in local route 
plan database 132. Route plan manager 130 instructs the 
route control process 134 that was previously instructed to 
unregister to re-register with call control module 102 

30 (and, if applicable, to inform call control module 102 of 

any new telephone numbers to be associated in registration 
information table 110 with route control process 134) . A 
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similar process is performed when a route group 124 is 
changed, however, the route list control processes 134 
associated with any route lists 122 containing the route 
group 124 are not instructed to unregister before the 
5 updated route group 124 is downloaded . 

A similar process is also performed when a route list 
122 or route group 124 is created or deleted. The only 
difference is that when a route list 122 is created, an 
associated route list control process 134 should be created 

10 at each call manager 26, and when a route list 122 is 

deleted, the associated route list control process 134 at 
each call manager 26 should be deleted. 

It should be noted that unlike the device registration 
information associated with telephony devices 22 in 

15 registration information table 110 (for example, a 

telephone number and a device process PID) , the 
registration information associated with route lists in 
registration information table 110 (for example, a 
telephone number and a route list control process PID) does 

20 not need to be replicated between call managers 26. This is 

because a route list control process 134 is created for 
each route list 122 in the route plan at every call manager 
2 6 when the route plan is downloaded or updated by the 
route plan manager 13 0 of each call manager 26. Therefore, 

25 this information is already replicated in each registration 

information table 110. A flag may be associated with the 
route list control process entries in each registration 
information table 110 to indicate that the entry does not 
need to be replicated. 

3 0 In addition to the route plan data, the device name 

information (device name and associated device process PID) 
in device name mapping table 13 8 also should be replicated 
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to all call managers 26 upon the occurrence of certain 
events. This device name information is updated and 
replicated .between call managers 26 using a process similar 
to the process described above for updating and replicating 
5 device registration information (using procedures 200, 220, 

250, 270) . 

As with procedure 200, when a gateway device 24 
registers with a call manager 26, the device name and PID 
of the device process 108 controlling with the gateway 

10 device 24 are communicated to device manager 13 6 and stored 

in device name mapping table 138. The call manager 26 with 
which the gateway device 24. registered then communicates 
the device name and associated PID to all other call 
managers 26 coupled to communication network 10. 

15 As with procedure 220, when a gateway device 24 

unregisters or is otherwise no longer under the control of 
a call manager 26, the device manager 136 of the previously 
controlling call manager 26 deletes the associated device 
name and PID from its device name mapping table 13 8 and 

2 0 communicates a deletion message to all other call managers 

26 indicating that the device name and associated PID 
should be deleted from the device name mapping tables 13 8 
of the other call managers 26. 

As with procedure 250, when a new call manager 26 
25 comes on-line, all other call managers 26 send the new call 

manager 2 6 the device names and associated PIDs for each of 
the gateway devices 24 that each call manager 2 6 controls 
(the local device name information stored at each call 
manager 26) . The new call manager 2 6 adds the device name 

3 0 information received from the other call managers 26 to its 

device name mapping table 13 8, and also adds device name 
information associated with gateway devices 24 that 
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subsequently register with the new call manager 26. As with 
process 270, when a call manager 26 goes off-line, all 
other call managers 2 6 delete the device name information 
associated with the gateway devices 24 that were under the 
5 control of the off-line call manager. 

In the manner described above, the route plan and 
device name information stored at each call manager 26 is 
kept updated so that call routing between call managers 2 6 
may be performed according to the route plan. 
10 Alternatively, the route plan and device name information 

may be maintained and updated using any other appropriate 
method . 

FIGURE 8 illustrates an exemplary call routing process 
between call managers 26a and 26c using a route plan. In 

15 the illustrated embodiment, a user of IP telephony device 

22a is attempting to place a call to a user of PSTN 
telephony device 68d. However, it will be understood that 
the following description applies equally to calls placed 
from any telephony device 22, 54, 68 through a gateway 24 

20 to a non-IP telephony device 54, 68. In the illustrated 

embodiment, telephony device 22a communicates a call 
request signal (including a telephone number associated 
with telephony device 68d) to its associated device process 
108a as indicated by arrow 402. Device process 108a 

25 communicates the call request to call control module 102a, 

as indicated by arrow 404. Call control module 102a 
communicates the telephone number included with the call 
request to digit analysis module 104a, as indicated by 
arrow 406. Digit analysis module 104a determines a PID 

3 0 associated with the telephone number and communicates this 

PID to call control module 102a, as indicated by arrow 408. 
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In the exemplary embodiment, the PID communicated from 
digit analysis module 104a identifies route list control 
process 134a associated with route list 122a, illustrated 
in FIGURE 6A. Based on the PID received from digit analysis 
5 module 104a, call control module 102a communicates the call 

request to route list control process 134a, as indicated by 
arrow 410. Route list control process 134a accesses its 
associated route list 122a in local route plan database 
132a, and obtains the first device name (and associated 

10 port number) listed in the first route group 124a of route 

list 122a. Route list control process 134a communicates the 
device name to device manager 136a and requests the PID 
associated with the device name, as indicated by arrow 412. 
Device manager 13 6a responds by communicating the PID 

15 associated with the device name in device name mapping 

table 138 to route list control process 134a, as indicated 
by arrow 414. In the exemplary embodiment, the PID 
communicated from device manager 136a identifies device 
process 108d executed by remote call manager 26c. Route 

20 list control process 134 communicates the call request and 

requested port number to device process 108d, as indicated 
by arrow 416. This communication may be performed directly 
or indirectly using direct signaling, a tunneling trunk, or 
any other appropriate signaling method. Device process 108d 

25 communicates the call request to gateway 24c, as indicated 

by arrow 418. 

If the requested port of gateway device 24c cannot 
accept the call request (for example, if it is already 
handling a maximum number of calls) , device process 108d 
30 sends a call denial signal to route list control process 

134a, and route list control process 134a offers the call 
request to the device process 108 associated with the next 



ATTORNEY'S DOCKET 
062891 . 0406 



PATENT APPLICATION 



43 



port listed in route group 124a. If no port of a gateway 
device 24 listed in route group 124a can accept the call, 
route list control process 134a begins sending the call 
request to gateway devices 24 and associated ports listed 
5 in route group 124c, the next route group 124 listed in 

route list 122a. This process is continued until the route 
list is exhausted or until a gateway device 24 accepts the 
call request. Alternatively, the ports in each route group 
124 may be tried in parallel instead of sequentially. In 

10 this case, the first port to accept the call may be used to 

facilitate the call. 

If the specified port of gateway 24c can accept the 
call, gateway 24c communicates the call request to 
telephony device 68d (for example, through Dallas central 

15 office 62a) to determine whether telephony device 68d can 

accept the call. If telephony device 68d can accept the 
call, gateway 24c communicates a call proceed signal to 
device process 108d, as indicated by arrow 420. Device 
process 108d communicates the call proceed signal to route 

20 process 134a, as indicated by arrow 422, and route list 

control process 134a communicates the call proceed signal 
to call control module 102a, as indicated by arrow 424. 
Call control module 102a communicates the call proceed 
signal to device process 108a, as indicated by arrow 426, 

25 and device process 108a communicates the call proceed 

signal to telephony device 22a, as indicated by arrow 428. 
As described above, telephony device 22a then establishes 
media streaming with gateway device 24c to begin 
communication with telephony device 68d. 

3 0 Although the present invention has been described with 

several embodiments, a myriad of changes, variations, 
alterations, transformations, and modifications may be 
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suggested to one skilled in the art, and it is intended 
that the present invention encompass such changes, 
variations, alterations, transformations, and modifications 
as fall within the spirit and scope of the appended claims. 



